REPORT DOCUMENTATION PAGE

Form Approved OMB No. 0704-0188

Pubiic reporting burden for this coilection of information is estimated to average 1 hour per response, inciuding the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and compieting and reviewing the coilection of information. Send comments regarding this burden estimate or any other aspect of this
coliection of information, inciuding suggestions for reducing this burden to Washington Headquarters Services, Directorate for information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE

2007

3. REPORT TYPE AND DATES COVERED

Conference Proceeding, 29 May to 3 June 2007

4. TITLE AND SUBTITLE

Molecular Quantum Mechanics: Analytic Gradients and Beyond — Program and Abstracts

5. FUNDING NUMBERS

Proposal No. 034733-01

6. AUTHOR(S)

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

ONR

8. Performing Organization Report Number

Proposal No. 034733-01

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES

Office of Naval Research, Ballston Centre Tower, 800 North Quincy Street Arlington,

VA 22217-5660

10. SPONSORING/MONITORING
AGENCY REPORT NUMBER

11. SUPPLEMENTARY NOTES

This research was sponsored by the Office of Naval Research (Proposal No. 034733-01). Reproduction in whole or in part is
permitted for any purpose of the United States Government. 221 pages. Conference was held 29 May to 3 June 2007 in
Budapest, Hungary. Program, abstracts and conference poster. A book related to the conference was published by Taylor &
Francis (ISBN 0-415-34264-3) with the PI as one of threes authors. The conference proceedings were published in the journal of

Molecular Physics, Volume 105, pages 24390-2926.

12a. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution is unlimited.

12b. DISTRIBUTION CODE

A

ABSTRACT (Maximum 200 words)

Theoretical chemistry conference.

14. SUBJECT TERMS

ONR, Theoretical chemistry, Molecular Quantum mechanics

15. NUMBER OF PAGES

16. PRICE CODE

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION
OF REPORT OF THIS PAGE
UNCLASSIFIED UNCLASSIFIED

19, SECURITY CLASSIFICATION
OF ABSTRACT

20. LIMITATION OF ABSTRACT

UNCLASSIFIED UL

NSN 7540-01-280-5500

Standard Form 298 (Rev. 2-89)
Prescribed by ANSI Std. 239-18
298-102




Final Report

Office of Naval Research
Grant No. 034733-01

The conference "Molecular Quantum Mechanics: Analytic Gradients and
Beyond" was held May 29-June 3, 2007 in Budapest, Hungary. Enclosed are the
conference poster and program/abstract book. At the top of page II of the
program/abstract book, the support of the Office of Naval Research is acknowledged. A
book related to the conference was published by Taylor & Francis (ISBN 0-415-34264-
3), with the PI as one of three authors. The conference proceedings were published in the
journal of Molecular Physics, Volume 105, pages 2439-2926.

The US participants in the conference included fifteen plenary lectures and
seventeen session chairs. The ONR funds were used to pay the registration fees of all of
these U. S. citizen scientists. Dr. Peter Schmidt represented the ONR at the meeting.

All reports coming to the organizers were in agreement that this was one of the
best theoretical chemistry conferences on record.
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General Information

Conference Venue

The Conference is held in Budapest, on Margaret Island at the Danubius Health Spa Resort
Hotel (1138 Budapest, Margitsziget). Sessions will take place in the Star Auditorium, poster
sessions will take place in the Jasmine Room of the hotel.

The Conference site can be reached easily by public transportation. Margaret 1sland is closed
for cars, vehicles must park in the parking area belonging to the Conference venue. Only
public transportation is allowed on the island - bus Nr. 26 runs along the island between
Western (Nyugati) Railway station and Arpad Bridge.

Registration Desk and Hours

The Registration Desk, where advance and on-site registrants may pick up their conference
material is operating at the lobby area of the Danubius Health Spa Resort Hotel. The
representatives of Chemol Travel will be at your service at the registration. They are in charge
of the registration, hotel bookings, social events, and optional excursions. Tickets for social
events and optional tours can be obtained at the registration desk. Travel agency service will
also be provided as follows:

Tuesday, May 29 ® 14:00 - 20:00
Wednesday, May 30" 08:00 - 19:00
Thursday, May 31 08:30 - 19:00
Friday, June 1* 08:30 - 19:00
Saturday, June 2™ 08:30 - 19:00
Sunday, June 3" 08:30 - 14:00

Conference Badge

Participants will receive a badge upon registration. Admission to the Conference &
Poster Session area and/or to the social activities is possible only with a valid badge.
Badges must be worn throughout the conference and at social events.

Certificate of Attendance
A Certificate of Attendance can be requested at the Registration desk.

Technical Equipments & Instruction for oral presentations

"Power Point” on a PC, running Windows XP with Office XP, is available in the Star
Auditorium. You may connect your own computer to the projector if you prefer and arranged
that in advance.

Speakers are requested to test and hand over their CD ROM or pen drive to the technician on
the day before their presentation, if the presentation is in the morning session, or minimum 3
hours before the session in case of an afternoon session. Please consult with the technician in
the lecture room before your session.

Optimal conditions of presentation files:

Presentation file: Microsoft Powerpoint or PDF (if you want to use other software, please
bring it to the Conference). If you use animations, please embed them. If it is a special
animation, please send the codec to the Conference Secretariat and bring all the files on a
CD/pen drive to the Conference. If you have a Macintosh computer, it can be plugged in
having a conventional, 15-pin socket. If your computer does not have this connection, please
bring an appropriate converter with you.




Instructions for poster presentations

Posters will be on display for one day only. The poster boards are 1 meter (40 inches) wide
and 2 meter (80 inches) tall. The suggested size of the poster is 90 cm x 130 cm (width x
height).

Poster presenters are asked to mount their posters early in the morning, preferably between
08:30 and 9:30 am. Poster discussion will be as given in the program.

Double adhesives and pins will be available at the Poster Desk (Jasmine Room).

Language
The official language of the Conference is English.

Liability

The organizers cannot accept liability for any personal accidents, loss of belongings or
damage to private property of participants and accompanying persons that may occur during
the Conference.

Meals

Coffee/Tea during the coffee breaks will be available for the registered participants in the
Ground floor foyer in front of Jasmine Room.

Buffet lunch is also available for the registered participants in the Platan Restaurant at
Danubius Health Spa Resort Hotel.

Currency, Exchange, Credit Cards

The official currency in Hungary is Hungarian Forint (HUF). Exchange facilities are offered
to participants at the airport, in hotels, at the exchange desk of the banks or at the registration
desk at a daily indicated rate.

American Express, Visa, Eurocard, Master Card are accepted at the registration desk, in
hotels, first class restaurants and city stores, but you should ask or look for the logo before
ordering a service.

Most banks are open from Monday to Friday between 08:00 and 16:00hrs. On Saturdays and
Sundays banks are closed. Most hotels do not accept travellers cheques for payment of their
accounts or for cash. You can cash travellers cheques at banks.

Coat check/ luggage storage

You will find a coat check /luggage storage room in the hotel lobby on the conference level,
operating between 08:30 — 18:30.

Please note that we cannot take responsibility for valuable belongings such as passports, cash,
etc. Please remove these from your coats / luggage before storage.

Electricity Supply
The voltage in Hungary is 220 Volts. Round European-style two-pin plugs are used.

Appliances designed to operate on 110/120V need a voltage converter and a plug adapter for
two-prong, round-prong plugs with side grounding contactse

Local Transportation in Budapest

Public transport in the city is well organized. Trams, buses and metro operate without
conductors. Tickets must be purchased in advance at tobacco shops or metro stations. Weekly
passes allowing free travel on all means of transportation within the city borders can be
bought at all main metro stations.
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Taxis

We suggest that you use only taxis equipped with a taximeter, such as Tele5, Fotaxi, City
Taxi or Buda Taxi. Beware of private cabs, especially those without a taximeter.

Telephones

Most public telephones in Budapest are on a digital network. Blue pay-phones take 10, 20, 50
and 100 forint coins. There are more silver card phones. Phone-cards can be bought at hotels,
post offices, petrol and railway stations as well as at newsstands. Emergencies (Ambulance,
Police and Fire Department) can be called without coins. Phone numbers in case of
emergency:

General emergency: 112, Fire department: 105, Ambulance: 104, Police: 107

Tipping
It is customary to give a tip of 10% over the amount of the bill at restaurants, unless it is
included in the bill, and when riding a taxi.

Note for drivers
Drivers should be aware that there is a zero tolerance of blood alcohol level while driving in

Hungary.

Weather

As Hungary has continental climate, the beginning of June is also the beginning of the
summer. The average temperature is 18-25°C during the day and 14-18°C at night. The
humidity is usually low, but rainy days can be expected.

Parking

Limited parking is available in the open-air public parking area in front of the conference
venue or at the garage of the hotel (only for hotel guests). Be warned that parking is free only
for guests of the two hotels on Margaret Island. All others will need to pay HUF 265 (about
EUR 1.10, or USD 1.50) per hour with no possibility for a daily fee. Therefore, all those who
are not staying at the Thermal Hotel or Grand Hotel but have a car are encouraged to use
public transportation to get to the conference venue.

Shopping hours

The usual shopping hours in Budapest are from 10:00 am to 6:00 pm, in large shopping
centers in and around the city until 9 pm.

For further information please contact the Registration Desk.

Smoking
Smoking is NOT permitted inside the Conference building or at the venues for the social
functions. Smokers are required to smoke outdoors in the designated area.

Restaurants
For information on restaurants in Budapest, please contact the Registration Desk.




Social Programs
Tuesday, May 29, 19:30 —21:00 Welcome Reception

Participants of the conference are invited to take part in a standing buffet reception held in
Széchenyi Restaurant of Danubius Grand Hotel Margitsziget {(approx. 50 metres walk from
Danubius Health Spa Resort Hotel).

The Welcome Reception is included in the registration fee and open to all registered
participants and accompanying persons.

Wednesday, May 30, 19:00 —22:00 Hungarian Dinner

Located on Shipyard Island close to the city centre, this Hungarian restaurant offers a nice
view of the Danube. It is decorated with rustic-style wooden chairs and tables giving the feel
of a traditional Hungarian restaurant. Upon arrival guests are greeted by the master of the
house, who welcomes everybody with special fruit brandy and fresh salty scones. An
unforgettable evening is guaranteed by gipsy music and authentic folklore show, as well as
typical local dishes and a good selection of wines. ’

Optional, price: 45.- €/ person {incl. transfer)

Friday, June 1, 19:30-22:30 Conference Banquet

Join us to experience the most beautiful illuminated sights of Budapest from the blue highway
of the capital, the River Danube. An atmospheric boat cruise with seated dinner, music and
dance will guarantee superb entertainment for this evening.

Optional, price: 25.- €/ person

Tours for Accompanying persons
May 29; June 1,2 or 3 City tour of Budapest by coach

On this three-hour coach tour you will discover the main attractions of the Hungarian capital.
The tour includes a visit to the Heroes’ Square with the Millenary Monument, to the St.
Stephen Cathedral, to the Opera House and the Parliament to enjoy their spectacular
architecture from outside. Continuing on to Buda, you will visit the medieval Castle District,
passing by the Fisherman’s Bastion and the old Matthias Church, followed by a ride to Gellért
Hill, where you will enjoy the beautiful panorama of the city featured on the UNESCO list of
World Heritage.

Included in the registration fee for Accompanying persons
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May 30 Szentendre Tour

Half-day excursion to one of the most scenic parts of Hungary. The tour includes a visit to
Szentendre, the artists’ town with its cobbled-stone squares and picturesque old streets and
alleys. After a short guided tour of the town, you’ll visit the Kovacs Margit Ceramic Museum,
a unique place that exhibits the works of a very special Hungarian artist who created her own
style by combining modern art forms with the traditions of Hungarian folk art. There will be
possibility for shopping in the many handicrafts’ and souvenir shops, too, while you’ll also
taste a typical Hungarian lunch in one of the atmospheric local restaurants of Szentendre.

Included in the registration fee for Accompanying persons

Optional Tours and excursions

We are pleased to offer several exciting optional tours and excursions to all participants of the
Conference. Please kindly contact the Registration Desk for further information and tickets.




Scientific Program of the Pulay Conference

May 29 - June 3, 2007
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TUESDAY, May 29, 2007

[ 17:15-17:30
|

Official Opening (Star Auditorium) |
Henry F. Schaefer III, conference organizer [
Ferenc Hudecz, Rector of E6tvis University (ELTE)

Norbert Kro6, Vice President of the Hungarian Academy of Sciences

[17:30 - 18:05 |

Section: Techniques of MQM (Star Auditorium) B
Ol | William A. Goddard Chair: Emily Carter

| (Pasadena, CA, U.S.A) (Princeton, NJ, U.S.A))
! First Principles Approaches to Design of Materials with Applications to
| Catalysis, Nanoelectronics, Fuel Cells, and Pharma

\ 18:05 — 18:40

02 | Reinhart Ahlrichs Chair: Bjérn O. Roos
(Karlsruhe, Germany) (Lund, Sweden)
Clusters of Boron: Experimental and DFT Treatment of B;,-Bso |

| 18:40-19:15
r

03 | Debashis Mukherjee : Chair: Péter Surjan
| (Kolkata, India) | (Budapest, Hungary)

[ Recent Advances in State-Specific Multi-Reference Coupled Cluster
Formalism

[ 19:30 - 21:00

||

Welcome Reception (Széchenyi Restaurant, Grand Hotel Margitsziget)
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WEDNESDAY, May 30, 2007

Section: Analytic Derivatives (Star Auditorium)

9:00 — 9:20 H1 | Wilfried Meyer Chair: Svein Saebo
(Kaiserslautern, Germany) (Missisippi State, MS, U.S.A))
Early Developments of Analytic Techniques

9:20 - 9:55 04 | Mihaly Kéllay Chair: Svein Saebo
(Budapest, Hungary) (Missisippi State, MS, U.S.A.)
Coupled-Cluster Gradients and Beyond

9:55 - 10:30 OS5 | Shigeru Nagase Chair: Krishnan Raghavachari

Okazaki, Japan)

(Bloomington, IN, US.A.)

MP2 Energy and Gradient Calculations

10:30 - 11:00

Coffee break (Ground floor foyer)

Section: Electron Correlation (Star Auditorium)

11:00 - 11:35

06 | Peter M. W, Gill
(Canberra, Australia)

Chair: Yundong Wu
(Hong Kong and Beijing, China)

Electron Correlation: A Hungarian Dance in Three Movements

11:35-12:10

07 | Edward Valeev
(Blacksburg, VA, US.A))

Chair: Gregory S. Tschumper
(University, MS, U.S.A.)

Efficient Explicitly Correlated R12 Methods Using Gaussian Geminals

12:10 — 14:00 | Lunch break (Platan Restaurant)
Section: Techniques of MQM (Star Audotorium)
14:00 - 14:35 | O8 | Jiirg Hutter Chair: Walter Thiel

(Ziirich, Switzerland)

(Miilheim, Germany)

First-Principles Simulation of Liquids

14:35 - 15:10

09 | Leo Radom
(Sydney, Australia)

Chair: William L. Jorgensen
(New Haven, CT, US.A))

Transition-Metal-Free Hydrogenation

15:10 - 15:45 | O10 | Julia E. Rice Chair: T. Daniel Crawford
(San Jose, CA, U.S.A)) (Blacksburg, VA, U.S.A.)
Modeling Reactions in Solution: Importance and Complexity

15:45 - 16:15 | Coffee break (Ground floor foyer)

16:15-16:50 | O11 | Trygve Helgaker Chair: Sourav Pal

(Oslo, Norway)

(Pune, India)

The Calculation of Molecular Properties of Large Systems

16:50 - 17:25

012 | Paul von Rague Schleyer
(Athens, GA, US.A)

Chair: Peter R. Schreiner
(Giessen, Germany)

Estimating Virtual Quantities: Aromaticity, Strain, Conjugation,
Hyperconjugation, and Branchin

17:25-18:00

013 | Tom Ziegler
(Calgary, Canada)

Chair: Klaus Ruedenberg
(Ames, IA, U.S.A)

Time-Dependent Density Functional Theory As a Practical Tool in the
Study if MCD and CD Spectra of Transition Metal Complexes.
Implementations and Applications

18:30 - 21:00

Poster session of conference chairs (Jasmine Room)




THURSDAY, May 31, 2007

Section: Techniques of MQM (Star Auditorium)

9:00 — 9:20 H2 | Nicholas C. Handy Chair: Sue M. Colwell
(Cambridge, U.K.) (Cambridge, U.K.)
DFT and Plane Waves

9:20 - 9:55 014 | Kim Baldridge Chair: Sue M. Colwell
(Zitrich, Switzerland) (Cambridge, U.K.)
Structure, Dynamics and Properties of Aromatic Materials Based on
Corannulene

9:55 -10:30 O15 | Bernard Brooks Chair: Weston T. Borden
(Bethesda, U.S.A.) ‘ (Denton, TX, US.A)
Techniques for Improved Sampling and Free Energies Estimation in
Examining Raection Pathways for Macromolecular Systems

10:30 — 11:00 | Coffee break (Ground floor foyer)

11:00 -11:35 | 016 | Gustavo Scuseria Chair: Zvonimir Maksic
(Houston, TX, U.S.A.) (Zagreb, Croatia)
Hybrid and Macroconfiguration Coupled-Cluster Methods

11:35-12:10 | O17 | Mark S. Gordon Chair: Michael E. Colvin
(Ames, IA, US.A) (Merced, CA, US.A)
Exploring Energy Landscapes: From Coupled Cluster to Model
Potentials

12:10 - 12:45 | O18 | Kimihiko Hirao Chair: Peter A. Schwerdtfeger
(Tokyo, Japan) (Auckland, Australia)
Molecular Theory for Large Systems

12:45 —14:30 | Lunch break (Platan Restaurant)

Section: Electron Correlation (Star Auditorium)

14:30 - 15:05 | O19 | Wesley D. Allen Chair: Jack Simons
(Athens, GA, U.S.A) (Utah, U.S.A)
State-Specific Multireference Coupled Cluster Theories: Chemical
Applications of New Production-Level Methods and High-Order
Excitation Studies of Model Systems

15:05-15:40 | 020 | Wim Klopper Chair: Miroslav Urban
(Karlsruhe, Germany) (Bratislava, Slovakia)
Quintuple-Zeta Quality Correlation Energies with Triple-Zeta Basis Sets

15:40-16:15 | O21 | Rodney J. Bartlett Chair: Josef Paldus
(Gainesville, FL, U.S.A)) (Waterloo, Canada)
Is There Something Better than CCSD(T) for Molecular Applications?

16:15-16:45 | Coffee break

16:45-17:20 | 022 | Martin Head-Gordon Chair: Elfriede Kraka
(Berkeley, CA, US.A)) (Stockton, CA, U.S.A)
New Electronic Structure Methods for Large Reactive Radicals and
Diradicals

17:20 -17:55 | 023 | Jozef Noga Chair: Garnet Chan
(Bratislava, Slovakia) (Ithaca, NY, US.A))
MP2-R12 Versus Dual Basis MP2 Theory

18:30 — 21:00 | Poster session (Jasmine Room)
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FRIDAY, June 1,

2007

Section: Structure and Spectroscop

(Star Auditorium)

9:00 — 9:20 H3 | Ian M. Mills Chair: James E. Boggs
(Reading, United Kingdom) (Austin, TX, U.S.A)
Quantum Chemical Computation of Force Fields and Molecular Spectra
9:20 - 9:55 024 | John F. Stanton Chair: James E. Boggs
(Austin, Texas, U.S.A.) (Austin, TX, US.A)
NO;.: The Molecule without a Structure
9:55 -10:30 025 | Eric Oldfield Chair: Jiirgen Gauss
(Urbana-Champaign, 1L, U.S.A)) | (Mainz, Germany)
How Peter Pulay Helped Me Become an Applied Quantum Chemist
10:30 - 11:00 | Coffee break (Ground-floor foyer)
11:00 -11:35 | 026 | David C. Clary Chair: Peter R. Taylor
(Oxford, U.K.) (Warwick, United Kingdom)
Quantum Calculations on the Conformations of Biomolecules
11:35-12:10 | O27 | Sharon Hammes-Schiffer Chair: Miriam Karni
(University Park, PA, U.S.A.) (Haifa, Israel)
Nuclear-Electronic Orbitals Approach: Including Nuclear Quantum
Effects in Electronic Structure Calculations
12:10 -12:45 | 028 | Pavel Rosmus Chair: Josef Michl
(Marne la Vallée, France) (Boulder, CO, U.S.A)
Nuclear Dynamics in Degenerate Electronic States: Spectroscopy and
ab Initio Calculations for Pseudorotating B; and C;*
12:45 — 15:05 | Lunch break (Platan Restaurant)
15:05-15:40 | 029 | Werner Kutzelnigg Chair: Pekka Pyykké
(Bochum, Germany) (Helsinki, Finland)
Which Masses are Vibrating or Rotating in a Molecule?
15:40-16:15 | O30 | Frederick R. Manby Chair: Peter J. Knowles
(Bristol, United Kingdom) (Cardiff, United Kingdom)
Extension of Gas-Phase Methods to Condensed Phase Problems
16:15-16:50 | O31 | Martin Quack Chair: Gernot Frenking
(Ziirich, Switzerland) (Marburg, Germany)
Recent Results in Molecular Quantum Chemical Kinetics from
Spectroscopy: Symmetry Conservation and Beyond
19:30 —22:30 | Conference banquet — cruise on the Danube
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SATURDAY, June 2, 2007

{
Section: Dynamics and Reactions (Star Auditorium) |
9:00 - 9:20 H4 | Gabriel Balint-Kurti Chair: Michael E. Robb }
(Bristol, United Kingdom) (London, United Kingdom)
Molecular Dynamics and Quantum Chemistry
9:20 - 9:55 032 | Michele Parrinello Chair: Michael E. Robb
(Ziirich, Switzerland) (London, United Kingdom)
Second Generation Car-Parrinello Method
9:55-10:30 | 033 | Hans Lischka | Chair: Ron Shepard
(Vienna, Austria) | (Argonne, IL, U.S.A))
Watching the Motion of Molecules in Excited States: From Ethylene to
Retinal Models and Excited-State Intramolecular Proton Transfer
10:30 — 11:00 | Coffee break (Ground floor foyer)
11:00-11:35 | O34 | H. Bernhard Schlegel Chair: Stefan Grimme
(Detroit, MI, U.S.A.) (Miinster, Germany)
Exploring Potential Energy Surfaces with ab Initio Molecular Dynamics
11:35-12:10 | O35 | William C. Swope Chair: Jerzy Leszczynski
(San Jose, CA, U.S.A) (Jackson, MS, U.S.A))
Protein Folding Studied by Computer Simulation on Blue Gene at IBM
12:10 - 12:45 | 036 | Hans-Joachim Werner Chair: Kenneth Ruud
(Stuttgart, Germany) (Tromso, Norway)
The Effect of Local Approximations on the Calculation of Molecular
Properties and Reaction Energies
12:45—14:30 | Lunch Yreak (Platan Restaurant)
Section: Techniques of MQM (Star Auditorium)
14:30-15:05 | O37 | Jan M. L. Martin Chair: Thom H. Dunning
(Rehovot, Israel) (Champaign, IL, U.S.A))
W4 Theory: Confident Sub-kJ /mol Accuracy Computational
Thermochemistry
15:05-15:40 | O38 | Laura Gagliardi Chair: Manuel Yénez
(Geneva, Switzerland) (Madrid, Spain)
Hybrid Functionals for Solid-State Systems
15:40-16:15 | 039 | C. David Sherrill Chair: Anna Krylov
(Atlanta, GA, U.S.A)) (Los Angeles, CA, U.S.A))
Multiconfigurational Quantum Chemistry for Actinide Containing
Systems: From Isolated Molecules to Condensed Phase
16:15-16:45 | Coffee break (Ground floor foyer)
16:45-17:20 | 040 | Troy van Voorhis Chair: Alejandro Toro-Labbe
(Cambridge, MA, U.S.A) (Santiago, Chile)
Exploring Electronic Structure with Constrained Density Functional
| Theory
[17:20-17:55 | O41 | Ming Wah Wong Chair: Kwang S. Kim
(Singapore) (Pohang, Korea)
n*- t* Interaction in Sulfur and Oxygen Chemistry
17:55-18:30 | 042 | Krzysztof Wolinski Chair: Frank Neese
(Lublin, Poland) (Bonn, Germany)
Geometry Optimization andVibrational Harmonic Frequency
| Calculations with a Dual Basis Set Approach
18:30 — 21:00 | Poster session (Jasmine Room)
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SUNDAY, June 3

, 2007

Section: Techniques of MQM (Star Auditorium)

9:00—9:35 043 | Istvan Mayer Chair: Attila G. Csaszar
(Budapest, Hungary) (Budapest, Hungary)
Energy Partitioning Schemes

9:35-10:10 044 | Janos Angyén Chair: Attila G. Csaszar
(Nancy, France) (Budapest, Hungary)
Density Functionals with Range Separation: The DFT Heaven without
Jacob’s Ladder

10:10 - 10:45 | 045 | Ellak von Nagy-Felsobuki Chair: Attila G. Csdszér
(Callaghan, Australia) (Budapest, Hungary)
Ab Initio Rovibrational Spectrum of BeH,** Using IC-MRCI Property
Surfaces

10:45-11:15 | Coffee break (Ground floor foyer)

11:15-11:50 | 046 | George Bacskay Chair: Péter G. Szalay
(Sydney, Australia) (Budapest, Hungary)
Quantum Chemical Computations of Spectroscopic Constants,
Oscillator Strengths, and Radiative Lifetimes

11: 50 - 12:25 | 047 | Gyula Tasi Chair: Péter G. Szalay
(Szeged, Hungary) (Budapest, Hungary)
Titles 10 be announced

12:25-13:00 | O48 | Peter Pulay Chair: Péter G. Szalay
(Fayetteville, AR, U.S.A)) (Budapest, Hungary)
Large Coupled Cluster Calculations on Inexpensive Parallel Computers:
Applications to Weak Interactions

13:00 - 13:10 | Closing ceremony (Star Auditorium)

Géza Fogarasi, conference organizer
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HISTORICAL TALKS




Early Developments of Analytic Techniques

Wilfried Meyer

Department of Chemistry, Universitdt Kaiserslautern, Erwin-Schrodinger Strasse
FB Chemie Geb. 52/527, D-67663 Kaiserslautern, Germany

The development of analytic gradient techniques in electronic structure theory carries the
name of Peter Pulay. His groundbreaking idea (which may look simple in retrospect) was in
fact a very daring proposal which he turned into an eminently successful computational
approach that determined a decade of quantum chemical method development. In spring 1968
Peter Pulay was on a research visit in Germany and we met in Munich. We agreed to jointly
develop a program with an SCF gradient part and a CI part, the first version of MOLPRO. So
1 was witness to Peter deriving the full theory of analytical SCF energy gradients [1] and
simultaneously developing its efficient program implementation. This led to the first
exemplary applications [2] and provided the basis for more routine applications [3,4] even
after Peter had returned to Budapest. There he adapted the gradient technique to semi-
empirical methods [5]. It was soon extended to cover open-shell [6] and MCSCF cases as
described in Peter's first review article [7]. The analytic derivative technique gained real
impact on the research field only after Peter s sabbatical visits to Austin and Berkeley in 1976.
His more powerful TEXAS program [8] made applications to larger molecules possible. This
finally started an avalanche of method developments towards more sophisticated electron
structure methods, higher order energy derivatives and gradient based searches on potential
energy surfaces. Analytic derivatives are now part of any decent electronic structure program
and are indispensable for a wide range of applications.
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Density Functional Theory and Plane Waves

Nicholas C. Handy

Department of Chemistry, University of Cambridge
Cambridge, United Kingdom

The arrival of DFT has made a huge impact on computational chemistry. A brief analysis of
progress in the last 15 years will be given (LDA, GGA, Hybnd, Attenuated Hybrid, Hybrid
with MP2). Pulay’s significant paper on the Fourier Transform Coulomb (FTC) method will
be analysed.



Quantum Chemical Computation of Force Fields and Molecular Spectra

Ian M. Mills

Department of Chemistry, University of Reading
Reading RG6 6AD, United Kingdom

In this talk I shall review the significance of Peter Pulay’s contributions in the field of ab
initio calculations in molecular quantum mechanics and quantum chemistry, particularly in
relation to the calculation of force fields and molecular spectra from gradient calculations of
the potenetial energy surface. My own research interests in force constant calculations were
based on the calculation of force constants from experimental data on molecular vibrations,
isotopic shifts, and vibration-rotation interactions. Peter’s contributions from quantum
chemistry calculations provided a unifying theme to theoretical and empirical approaches to
molecular force fields.




Molecular Quantum Dynamics

Gabriel G. Balint-Kurti

Department of Chemistry, University of Bristol
Bristol, United Kingdom

The pivotal role of ab initio analytic derivatives in modern molecular quantum dynamics will
be discussed, with examples from transition state theory, variational RRKM [1] theory and
quantum reactive wavepacket applications. The application of diagonalisation techniques,
developed for electronic configuration interaction calculations, to problems in molecular
vibrational spectroscopy will be outlined [2]. A brief review of time-dependent molecular
quantum dynamics as applied to photodissociation processes and reactive scattering will be
given [3-5].
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Clusters of Boron: Experimental and DFT Treatment of B;>-B3g

Nathan R. M. Crawford, Reinhart Ahlrichs, Esther Oger,

Rebecca Kelting, Patrick Weis, and Manfred M. Kappes

Institut fiir Physikalische Chemie, Universitdt Karlsruhe
Karlsruhe, Germany

We systematically investigate boron clusters from B;; to Bj, together with their cations (for
some recent investigations see references 1-3). Structures were optimized using a hybrid ab
initio genetic algorithm[4] using a small SVP basis and the BP-86 functional. The final
population of low energy structures and their cations were then re-optimized with the larger
def2-TZVPP basis (11,6,2,1)/[5,3,2,1]1 and the TPSS functional. The program system
TURBOMOLE was used throughout. Structures so obtained were then used to determine the
cation cross sections for gas phase ion mobility experiments, similar to a previous
investigation of gold clusters [5]. At this stage, the computed lowest energy structures fit well
with experimental data. Clusters of boron show an unusually rich zoo of low energy
structures, often with 10 isomers within an eV of the minimum. A notable exception being
B20+, an S4-symmetry cylinder (derived from the D/«)\(ksymmelry neutral Bzo) where the
minimum energy isomer is over 1 eV more stable than any other structure. The dominant
motif is of Bj triangles tessellated into cylinders, planes (be they flat, curved, or puckered),
and incomplete hollow spheres. There is a remarkable absence of space filling structures,
quite different from Al or Ga clusters. The drift experiments show the presence of two
isomers for B¢ and above, where we begin to see irregular 3D structures. The relative utility
of the genetic algorithm will be critically assessed. For B4n, the double rings are notably
stable. The DFT calculations provide strong indications of the multi-reference nature of their
electronic structures.
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State-Specific Multireference Coupled Cluster Theories:
Chemical Applications of New Production-Level Methods
and High-Order Excitation Studies of Model Systems

Wesley D. Allen, Francesco A. Evangelista, and Henry F. Schaefer III

Center for Computational Chemistry, University of Georgia
Athens, Georgia 30602, U.S.A.

Simple closed-form expressions are derived through arbitrary order for the “same vacuum”
renormalization terms that arise in state-specific multireference coupled cluster (MRCC)
theories. The first production-level code (psimxrcc) has then been written for a state-specific
and rigorously size-extensive multireference coupled cluster singles and doubles theory first
proposed by Mukherjee (MKCCSD). Our code is also capable of evaluating analogous
Brillouin-Wigner multireference energies (BWCCSD), including a posteriori size-extensivity
corrections. Using correlation-consistent basis sets (cc-pVXZ, X = D, T, Q), MkCCSD and
BWCCSD were first tested and compared on two classic multireference problems: (1) the
dissociation potential curve of molecular fluorine (F;), and (2) the structure and vibrational
frequencies of ozone. The MKCCSD method is generally superior to Brillouin-Wigner theory
in predicting energies, structures, and vibrational frequencies. Although MkCCSD theory
greatly improves upon single-reference CCSD for the geometric parameters and a; vibrational
frequencies of ozone, the antisymmetric stretching frequency w3(b;) remains pathological and
cannot be properly treated without the inclusion of connected triple excitations. Next,
multireference MKCCSD results were obtained for the singlet-triplet splittings in ortho-,
meta-, and para-benzyne, coming within 1.5 kcal mol ™! of experiment in all cases. Several
benchmarks we have executed reveal that MkCCSD is exceptionally accurate in determining
singlet-triplet splittings if applied to the Ms = 0 components of both states. Finally, an
arbitrary-order string-based code was written to perform comprehensive high-order
excitations (n > 2) studies on the Hi, P4, BeHz, and Hg models with complete excitations
ranging up to hextuples. Comparison is then made to corresponding single-reference (SR)
coupled cluster and full configuration interaction (FCI) results.
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Density Functionals with Range Separation:

The DFT Heaven without Jacob’s Ladder

Jénos Angyan
LCM3B, Université-Nancy, B.P. 239, 54506, Vandoeuvre-les-Nancy, FRANCE

There are a few but important cases where standard density functionals, situated on the first
few rungs of “Jacob’s ladder”, fail. One can cite as example London dispersion forces,
barriers of atom transfer reactions, structure and energetics of transition metal compounds or
donor-acceptor type intermolecular complexes. The origin of most of these problems is rooted
in the incorrect asymptotic behavior of the exchange-potential on the one hand, and in the
incomplete account of certain kinds of electron correlations, like of the long-range dynamic
correlation (van der Waals systems) or of the non-dynamic correlations (intrinsically
multideterminant systems), on the other hand.

These difficulties can be handled efficiently in the framework of a hybrid approach,
where electron repulsion is partitioned to a short- and a long-range component in the
Hamiltonian [1]. Treating the long-range interactions explicitly and short-range interactions
by appropriately designed functionals, one obtains an effective Hamiltonian corresponding to
a weakly interacting system. In contrast to the non-interacting Kohn-Sham model, the solution
of this range-separated model is necessarily in a multi-determinant form, and requires the use
of standard WFT approaches, like CI or MBPT [2,3]. In the absence of explicit short-range
electron repulsion, these latter methods converge much faster with respect to the one- and
many-electron basis.

Significant improvement can be achieved even at the simplest level, where the WFT
treatment is limited to the exchange and the full range of correlation is described by a
functional. In the absence of long-range self-interaction errors, the dissociation of symmetric
radical cations [3], the barrier of atom transfer reactions [4] and the charge transfer in donor-
acceptor complexes is significantly improved. In the case of London dispersion forces an
explicit treatment of long-range correlations, e.g. at the MP2 level, is absolutely necessary.
The performance of this methodology is illustrated by rare gas [2,5] and alkaline-earth [6],
benzene and dinitrogen dimers.
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Quantum Chemical Computations of Spectroscopic Constants,

Oscillator Strengths and Radiative Lifetimes

George Bacskay, Damian L. Kokkin, and Timothy W. Schmidt

Department of Chemistry, University of Sydney
Sydney, Australia

High level ab initio calculations, using multi-reference configuration interaction (MRCI)
techniques, have been carried out to investigate the spectroscopic properties of the singlet
Phillips (A'H“ (—X’Z;) and the triplet Swan (d’l'[x (—a’l'[u ), Ballik~Ramsay

(b’Z; «a’ll,) and d’T1, «’Z; transitions of C,. The MRCI expansions are based on

full-valence CASSCF reference states and utilize the aug-cc-pV6Z basis set to resolve valence
electron correlation. Core and core-valence correlation and scalar relativistic energy
corrections were also incorporated in the computed potential energy surfaces. Non-adiabatic
and spin-orbit effects were explored, but found to be of negligible importance in the
calculations. The predicted spectroscopic constants are typically within 0.1 — 1 % of
experiment. The calculated radiative lifetimes also compare very well with the available
experimental data. Oscillator strengths are reported for all systems: f,,. where 0<v<S5.
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Structure, Dynamics, and Properties of

Aromatic Materials Based on Corannulene

Kim Baldridge

Organic Chemistry Institute, University of Ziirich
Winterthurerstr. 190, CH-8057 Switzerland

Fullerenes, and Nanotubes all stem from sheets of sp® hybridized carbon arranged in
aromatic/benzenoid subunits. Corannulene is a fundamental structure in this family as it
represents the insertion of a 5-membered ring ,,imperfection” into the two-dimensional lattice
of graphite, which results in a warping or bowling of the sheet leading through Euler’s
theorem to carbon tubes and spheres. This fundamental unit is rich in structural, dynamic and
physical features that challenge modern quantum mechanical methods. The size of some
corannulene derivatives places a strain on resources and raises the issue of computational
strategy (i.e., parallel, cluster, or grid). The response to basis set, correlation and multi-state
factors is non-trivial when considering structural, dynamic and physical aspects as an
integrated problem package. This talk will describe our computational approaches, predictions
made, and experimental comparisons for the general structure of corannulene derivatives; the
structure dynamic correlation of bowl depth and energy to inversion; NMR and UV
spectroscopic analysis; and the complex reactive processes of highly substituted derivatives.
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Is There Something Better Than CCSD(T)

For Molecular Applications?*

Rodney J. Bartlett and Andrew Taube

Department of Chemistry, University of Florida, P.O. Box 118435
Gainesville, FL 32611, U.S.A.

The remarkable success of CCSD(T) in molecular applications is well known, despite it being
a hybrid of CCSD with triple excitations estimated from MBPT. Because of its perturbative
element, it will inevitably fail as bonds are broken, unless the single determinant reference
function itself is a correctly separating UHF solution, and even for such cases, the spin
recoupling regions of a potential curve tend to not offer an accurate description. Besides entire
potential energy surfaces, this also raises potential issues with the description of transition
states as such bonds start to be broken. Some years ago it was proposed to base a model

similar to CCSD(T) on the functional of CC theory, (0](1+A)exp(-T)Hexp(T)|0), termed
ACCSD(T) (S. A Kucharski, and R. J. Bartlett, J. Chem. Phys. 108 5243 (1998). Like
CCSD(T) it is formally perturbative, but behaves much better as a function of R because of
the role of A. Like CCSD(T) this is an ~n" method, but does require the evaluation of A along

with T. Analytical gradients have been developed for this method and added to ACES II to
make a wide range of applications possible. A variety of results will be presented.

* This work is supported by the U. S. Air Force Office of Scientific Research under grant No. FA 9550-07-1-
0070 an d a Phase Il STTR to ACES Q. C. and the University of Florida, FA 9550-07-C-0033.
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Techniques for Improved Sampling and Free Energies Estimation

in Examining Reaction Pathways for Macromolecular Systems

Bernard R. Brooks and H. Lee Woodcock

Laboratory of Computational Biology, National Institutes of Health
50 South Dr., Building 50, Bethesda, MD 20892-8013, U.S.A.

This presentation will focus on our recent attempts techniques to include sampling and to
estimate entropic contributions while examine complex processes in macromolecular systems
using ab initio QM/MM methods. The methods are primarily designed to examine protein
conformational change and enzyme catalysis. Methods for improving sampling by combining
SGLD and REX will be presented with some examples. This is coupled with our replica/path
methods for pathway searching and for estimating entropy contributions. Finally, techniques
for estimating vibrational free energies using a formal splitting of the vibrational partition
function into a subsystem and and environment part will be presented
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Quantum Calculations on the Conformations of Biomolecules

David C. Cla

Department of Physical and Theoretical Chemistry
University of Oxford, South Parks Rd, Oxford OX1 3QZ, United Kingdom

This talk will describe work done in our group on using quantum methods to simulate the
dynamics of small biomolecules in the gas phase.

Calculations using the diffusion Monte Carlo method will be summarised that indicate
the importance of quantum effects on the structures of molecular clusters and biomolecules.

Calculations performed with the Torsional Path Integral (TPI) method will also be
presented. The TPI method has the potential to be a powerful simulation method for
biomolecules. It allows all torsional degrees of freedom to be coupled together in quantum
calculations of free energies and biomolecular conformations as a function of temperature.

The calculations were done by David Benoit, Massimo Mella, Tommy Miller and
Yvette Sturdy.
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Multiconfigurational Quantum Chemistry for Actinide Containing

Systems: From Isolated Molecules to Condensed Phase

Laura Gagliardi

Department of Physical Chemistry, Sciences Il University of Geneva 30,
Quai Ernest Ansermet, CH-1211 Geneva Switzerland

In this lecture I will describe our latest achievements in the prediction of novel chemical
bonds and chemical species, including the multiple bond in the early-diactinide series [1] and
some novel inorganic compounds containing the diuranium moiety [2]. The results of a
combined experimental and theoretical study of a novel uranium polyhydride compound, with
a large number of H atoms around U, UH4(Hy)s, [3] will also be described. In nature most of
actinide chemistry occurs in solution. We try to combine ab initio quantum chemistry with
classical molecular dynamics simulations in order to understand the behavior of highly
charged ions in solution. Our recent studies of uranyl [4] and Cm(III) [5] in water will be
presented. It seems that nowadays it is possible to understand the chemical bond in the entire
periodic table by means of quantum chemical methods.
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Electron Correlation: A Hungarian Dance in Three Movements

Peter M. W. Gill, Deborah L. Crittenden, Elise E. Dumont, and Yves A. Bernard

Research School of Chemistry, Australian National University
ACT 0200, Australia

Several two-electron distributions can be extracted from a many-electron wavefunction, via
the Wigner distribution Wy(ry, p;, 13, p2). Two of these, the Position and Momentum
intracules, are well known and have been discussed by many authors. In recent years, we have
introduced six others, the Omega, Wigner, Lambda, Action, Dot and Angle intracules.

The physics of electron correlation depends less on the absolute positions and momenta
of two electrons than on their relative position ri2 = r; — r; and relative momentum p;; = p; —
p2. One also suspects that the absolute directions of the vectors ry; and p;, are less important
than their magnitudes ri» and p;» but that the dynamical angle 6,, between them may be
significant. It is therefore plausible that most of the important information in Wa(ry, pi, 2, p2)
is captured by the three key variables, ry», p12 and 6,,, whose joint probability density is

Qu,v,w) = .[Wz(r,,rz, D1, D1)0(6, —@)o(r, —u)d(p,, —v)drdr,dp,dp,

= #pz (rr+q.r+u+q,r+u)e 5(6,, —w)drdgdQ, dQ,
where Q, and Q, are the angular parts of u and v, respectively, and p;, is the spinless reduced
second-order density matrix. We have called this novel function the Omega intracule.

What use can be made of this function? One of the most exciting possibilities is as the
foundation of radical new approaches to the electron correlation problem. In standard
methods, correlation effects are treated by writing the wavefunction as a lengthy linear
combination of determinants. However, this is inefficient and quickly leads to great
computational expense. In contrast, a model based on intracules can be physically motivated
and much less expensive and we have recently proposed that the correlation energy can be
estimated from the Omega intracule through

E = f J: fQ(u,v,a))G(u,v, w)dwdvdu ,

where G(u, v, ©) is a universal function that we call the Omega correlation kernel. In addition,
there exist a hierarchy of simpler models based on, for example, the Wigner and Lambda
intracules.

In my lecture, I will outline the theory, discuss its computational requirements, and
present results for a variety of atomic and molecular systems.
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First Principles Approaches to Design of Materials with Applications
to Catalysis, Nanoelectronics, Fuel Cells, and Pharma

William A. Goddard, 111
Charles and Mary Ferkel Professor of
Chemistry, Materials Science, and Applied Physics
Director, Materials and Process Simulation Center (MSC)
California Institute of Technology (139-74)
Pasadena, CA 91125, U.S.A.

Advances in theoretical and computational chemistry are making it practical to
consider fully first principles (de novo) predictions of important systems and processes in the
Chemical, Biological, and Materials Sciences. Our approach to applying first principles to
such systems is to build a hierarchy of models each based on the results of more fundamental
methods but coarsened to make practical the consideration of much larger length and time
scales. Connecting this hierarchy back to quantum mechanics enables the application of first
principles to the coarse levels essential for practical simulations of complex systems.

We will highlight some recent advances in methodology and will illustrate them with
recent applications to materials problems involving Catalysis, Nanoelectronics, Fuel Cells and
pharma selected from

e Mechanism Organometallic reactions (Wacker process, IBX, Tsuji Allylation)

e Mechanism of Heterogeneous reactions: ammoxidation on MMO

e Predictions of 3D structures of G Protein Coupled Receptors (GPCRs)

¢ Predictions of selective agonists and antagonists for GPCRs

¢ Conductance properties of Nanoelectronic switches and carbon nanotube interconnects

¢ De novo Force Fields (from QM) to describe reactions and phase transitions (ReaxFF)

¢ New membranes for PEMFC and predictions of proton transport across catalyst-PEM
interface

e Simulations of Solid Oxide and Solid Acid membranes for Fuel Cells

e Domain switching in BaTiOs ferroelectrics

e The plaquette polaron theory of cuprate superconductors

Top view
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Exploring Energy Landscapes: From Coupled Cluster to Model Potentials

Mark S. Gordon
Iowa State University and Ames Laboratory, Ames, 1A 50011, U.S.A.

One of the many contributions of Peter Pulay is the vast research he has done that enables the
efficient exploration of complex potential energy surfaces. This talk will examine the study of
potential energy landscapes from several perspectives. These include the development of
strategies for determining accurate vibrational spectra, methods for employing massively
parallel computers to greatly expand the sizes of accessible problems that one can treat with
accurate electronic structure methods, and sophisticated model potentials that accurately
describe a broad array of intermolecular forces. Example applications will be presented that
illustrate each of these developments.
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Nuclear-Electronic Orbital Approach:

Including Nuclear Quantum Effects in Electronic Structure Calculations

Sharon Hammes-Schiffer

Department of Chemistry, Pennsylvania State University
University Park, PA 16802, U.S.A.

Recent advances in the development of the nuclear-electronic orbital (NEO) approach will be
presented. In the NEO approach, both electronic and nuclear molecular orbitals are expressed
as linear combinations of Gaussian basis functions, and the variational method is utilized to
minimize the energy with respect to all molecular orbitals as well as the centers of the nuclear
basis functions. This approach is particularly useful for the description of hydrogen transfer
and hydrogen bonding. For these applications, the hydrogen nuclei, as well as all electrons,
are treated quantum mechanically to include nuclear quantum effects such as zero point
energy and hydrogen tunneling. The multiconfigurational self-consistent-field (NEO-
MCSCEF), nonorthogonal configuration interaction (NEO-NOCI), second-order perturbation
theory (NEO-MP2), and density functional theory (NEO-DFT) methods have been developed
to include correlation effects. Electron-proton dynamical correlation is highly significant
because of the attractive electrostatic interaction between the electron and the proton. An
explicitly correlated Hartree-Fock (NEO-XCHF) scheme has been formulated to include
explicit electron-proton correlation directly into the nuclear-electronic orbital self-consistent-
field framework with Gaussian-type geminal functions. In contrast to previous approaches,
which produce nuclear wavefunctions that are too localized and severely overestimate
hydrogen vibrational frequencies, the NEO-XCHF method provides accurate nuclear
wavefunctions and hydrogen vibrational frequencies. This method is computationally
practical for many-electron systems because only electron-proton correlation is treated
explicitly. The strengths and challenges of these approaches will be discussed, and
applications to hydrogen transfer and hydrogen bonding systems will be presented.
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New Electronic Structure Methods for
Large Reactive Radicals and Diradicals

Martin Head-Gordon

Department of Chemistry, University of California at Berkeley
Berkeley, California 94720, U.S.A.

Electronic structure methods form the basis for first principles characterizations of the
potential energy surfaces that underlie molecular properties, chemical reaction mechanisms,
and nuclear dynamics. Despite tremendous progress, the most ubiquitous electronic structure
methods, based on density functional theory (DFT), exhibit failures for molecules with strong
correlations, some types of radicals, and systems where dispersion interactions are important.
At the same time, the most accurate electronic structure methods, based on coupled cluster
theory, remain too computationally demanding to enable the routine treatment of large
molecules. In this talk, I will discuss two classes of electronic structure methods under
development in my group that offer the prospect of bridging this gap. First are methods that
attempt to provide a reasonable description of strongly correlated electrons by systematically
approximating the Schrodinger equation in the space of valence bonding and antibonding
orbitals that defines a complete active space (CAS). Accurate approximations to CAS
calculations are possible at modest computational expense, and I will discuss the physical and
mathematical content of these approximations, and their performance on practical problems.
Second is a new approach that correctly and inexpensively recovers dispersion interactions,
without either excessive spin-contamination for radicals (as plagues traditional unrestricted
Hartree—Fock-based methods), or the difficulties of self-interaction that can affect DFT
calculations of radicals. The performance of this approach for relative energies, structures,
and frequencies will be assessed, both for closed shell molecules, radicals, as well as some
cases which exhibit pathological failures at both the DFT and MP2 levels of theory.
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The Calculation of Molecular Properties of Large Systems

Trygve Helgaker, Filip Pawlowski, and Simen Reine
Department of Chemistry, University of Oslo, Oslo, Norway

Stinne Host, Branislav Jansik, Jeppe Olsen and Poul Jorgensen
Department of Chemistry, University of Aarhus, Aarhus, Denmark

Sonia Coriani
Department of Chemistry, University of Trieste, Trieste, Italy

Pawel Salek
Laboratory of Theoretical Chemistry, Royal Institute of Technology, Stockholm, Sweden

With recent developments in theory and implementation, Hartree~Fock and Kohn-Sham self-
consistent-field methods can now be applied to large molecular systems, at a cost that scales
linearly with system size. In the present talk, recent developments are reviewed, with
emphasis on the optimization of the energy and the calculation of properties such as
frequency-dependent polarizabilities and excitation energies for large molecules.
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Molecular Theory for Large Systems
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With the emergence of peta-scale computing platforms we are entering a new period of
modeling. The computer simulations can be carried out for larger, more complex, and more
realistic systems than ever before. The evaluation of Coulomb integrals is very often the most
time consuming step for DFT with GGA functionals. A new linear scaling method has been
developed for the fast evaluation of Coulomb integrals. The Coulomb potential is expanded in
the mixed Gaussian and finite-element auxiliary functions. Then Coulomb integrals can be
evaluated by solving the Poisson equation. The method realizes a linear scaling with system
size and makes molecular quantum calculations affordable for very large systems involving
several thousands of basis functions Recently we have developed the dual-level approach to
DFT. The scheme is based on the low sensitivity of the electron density to the choice of the
functional and the basis set. The dual-level DFT works quite well and the large reduction of
the computer resources can be achieved. Hybrid functional can now be applied to very large
systems. The first-order molecular properties are well predicted by GGA functionals.
However, induced or response properties require correction for the asymptotic behavior. The
failure arises from the wrong long range behavior due to the local character of the
approximate exchange- correlation functionals. By splitting the Coulomb interaction into
short-range and long-range components, we have proposed a new hybrid functional with
correct long-range electron- electron interactions. Hybrid GGA has good energetics, good
Rydberg behavior, good CT predictions, and good optical response. Van der Waals
interactions are also described accurately. The scheme was applied to planar aromatic systems
(dimers and trimers of coronene, circum coronene, and circum circum coronene) to estimate
pi-stacking energies.
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First-Principles Simulations of Liquids

Jiirg Hutter
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The combination of electronic structure methods, mostly based on density functional theory,
with molecular dynamics and Monte Carlo sampling methods have made the study of liquids
and solutions from first-principles possible. These methods overcome the limitations of pre-
computed potentials and have made important contributions to theory and experiment. They
also allow for tests of electronic structure methods and density functionals in a new and
challenging area. However, the limited time and size scale available in the simulations are a
serious problem. In addition, the interplay of the classical dynamics of the nuclei with the
electronic structure method cause new problems absent in force field calculations. Whereas
most of the earlier calculations in this field were made using plane wave basis sets, newer
approaches rely more and more on atomic basis sets. We will review recent progress in the
simulation of liquids using algorithms and basis sets adapted for the Gaussian and plane
waves method.
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Coupled-Cluster Gradients and Beyond

Mihély Kallay
Budapest University of Technology and Economics, Budapest, Hungary

Jiirgen Gauss
Universitdt Mainz, Mainz, Germany

The development of analytic derivatives for highly correlated ab initio methods is reviewed.
In particular, the theory of analytic first and second derivatives for general coupled-cluster
(CC) and configuration-interaction (CI) models is discussed including multi-reference and
approximate CC methods as well as excited-state CC treatments (linear-response CC).
Efficient implementation of the considered approaches is possible using our string-based
many-body technique. The development of analytic third derivatives is also considered. The
applicability of the implemented analytic derivatives is demonstrated for molecular properties
with special regard to geometries, vibrational frequencies, NMR chemical shifts, and
electrical polarizabilities. Our results suggest that inclusion of higher-order correlation is
desirable for determination of molecular properties with quantitative accuracy.
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Quintuple-Zeta Quality Correlation Energies with Triple-Zeta Basis Sets
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Christof Hittig
Lehrstuhl fiir Theoretische Chemie, Ruhr-Universitdt Bochum
D-44780 Bochum, Germany

The explicitly-correlated coupled-cluster method CCSD(T)(R12) [1,2] has been extended to
include F12 Slater-type geminal basis functions [3], which decay exponentially with the
interelectronic distance rl12, and which reproduce the global form of the average Coulomb
hole more accurately than linear r12 correlation factors [4,5]. The new CCSD(T)(F12) method
has been implemented using the strong-orthogonality projector of Ansatz 2 and the
convergence of the correlation energy with the size of the orbital basis set has been studied
[6]. The convergence was found to be rapid. Typically, 98% of the basis-set limit correlation
energy was recovered using triple-zeta orbital basis sets. The performance for reaction
enthalpies has been assessed using a test set of 15 reactions involving 23 small molecules
including COCl,, SO3;, HCONH,, C;Hs and others. Quintuple-zeta quality results were
obtained for total and relative correlation energies using a triple-zeta basis set [6].

References:

[1] H. Fliegl, W. Klopper, and C. Hittig, J. Chem. Phys. 122, 084107 (2005).

[2] H. Fliegl, C. Hittig, and W. Klopper, Int. J. Quantum Chem. 106, 2306 (2006).

(3] S. Ten-no, Chem. Phys. Lett. 398, 56 (2004).

[4] A. J. May and F. R. Manby, J. Chem. Phys. 121, 4479 (2004).

[5]1 D. P. Tew and W. Klopper, J. Chem. Phys. 123, 074101 (2005).

[6] D. P. Tew, W. Klopper, C. Neiss, and C. Hittig, Phys. Chem. Chem. Phys. 2007, DOI:
10.1039/b617230;.

27




Which Masses are Vibrating or Rotating in a Molecule?
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Going back to Born, there is a hierarchy (or rather a family of hierarchies) of approximations,
that lead from the Born—-Oppenheimer (BO) separation via the adiabatic approximation to an
exact (non-adiabatic) theory. This highest level is necessary for hydrogen-containing small
molecules, if one strives at spectroscopic accuracy’. On the BO and adiabatic levels only the
nuclei participate in rotational or vibrational motions. The obvious participation of the
electrons in these motions must so far be treated as a non-adiabatic effect. Unfortunately the
non-adiabatic corrections to vibrational frequencies are of the same order of magnitude as the
adiabatic ones. In this lecture 1t is shown that in non-degenerate situations the participation of
the electrons in rotation and vibration is the dominant nonadiabatic effect, and that electrons
participate in rotation much less than in vibration. As a model case H," is studied, for which
effective rotational and vibrational masses are derived. Conclusions for arbitrary molecules
are drawn.

28
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The theoretical treatment of the photodynamics of molecular systems is very challenging. One
major problem is the accurate computation of excited-state surfaces and intersection seams.
Even after having obtained an overview of the energy surfaces by means of characteristic
points (energy minima, saddle points and minima on the crossing seam), the prediction of the
dynamical behavior of the molecular system based on these quantities alone will be very
difficult.

It is one purpose of this talk to demonstrate the need for explicit dynamics simulations
in comparison to the just-mentioned standard static analysis. The calculations are based on the
program package NEWTON-X, which has been developed in our group allowin nonadiabatic
surface-hopping dynamics calculations using on-the-fly techniques. This program package is
structured in a modular way allowing the incorporation of practically any quantum chemical
program package producing at least analytic energy gradients. Currently, implementations are
available for COLUMBUS (MRCI energy gradients and nonadiabatic coupling vectors),
TURBOMOLE (RI-CC2 and TDDFT energy gradients) and MOPAC2000 (FOMO-CI).

In a first set of examples, the photodynamics of polar 1T bonds using the series of
ethylene, fluorethylene and the formiminium cation is discussed. The calculations show that
in addition to the expected torsion around the double bond other processes such as
bipyramidalization and bond dissociation are of relevance. In extension of the formiminium
cation, the photodynamics of protonated Schiff bases containing 3 and 4 double bonds is
discussed with the aim to obtain detailed insight into the dynamics of retinal models.
Mechanical restrictions were applied to the terminal hydrogen atoms in order to simulate
spatial effects of a protein environment.

As a set of completely different examples, the excited-state intramolecular proton
transfer in the chelate systems 2-(2’-Hydroxyphenyl)benzothiazole (HBT) and 10-hydroxy-
benzoquinoline (HBQ) has been studied using adiabatic TDDFT dynamics. The computed
proton transfer times are in excellent agreement with experimental values reported in the
group of E. Riedle (Munich). Additionally, for the keto form of HBT an interring torsional
mode has been found, which leads to a conical intersection with the ground state and to an
ultrafast decay channel with a decay time of about 1 ps.
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Extension of Gas-Phase Methods to Condensed Phase Problems
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The great achievements of quantum chemistry in recent decades mean that for small-molecule
gas-phase chemistry, computation of experimentally relevant quantities (rates, to name but
one example) can be performed to high accuracy. Moreover, the existence of well established
hierarchies of approximation means that agreement with experiment can be improved
systematically. The situation is not so mature in the context of condensed phase problems, and
in this talk I will describe efforts underway in Bristol to extend the successful hierarchies of
gas-phase electronic structure theory into the domain of condensed phase chemistry.
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W4 Theory: Confident Sub-kJ/mel Accuracy

Computational Thermochemistry
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We will discuss the theoretical underpinnings and applications of W4 theory [J. Chem. Phys.
125, 144108 (2006)], our next-generation computational thermochemistry method. By
comparison with very accurate experimentally derived ATcT (Active Thermochemical
Tables, as developed by Branko Ruscic et al.) data for several dozen key species, we were
able to establish that W4 theory achieves an RMSD in the total atomization energies of about
0.3 kJ mol ™, and a 95% confidence interval well below the 1 kJ mol™ limit. Yet, W4 is still
devoid of any parameters derived from experiment. While many factors contribute to the
success of W4 theory (such as separate partial-wave extrapolations for singlet-coupled and
triplet-coupled pairs, very large basis sets, improved treatments of inner-shell correlation and
scalar relativistics, and inclusion of a diagonal Born—Oppenheimer correction), the key factor
is the post-CCSD(T) “level correction”. Basis set convergence of various post-CCSD(T)
contributions, T3 — (T), (Q), T4 — (Q), Ts, etc., will be discussed in some detail. Finally, as an
illustrative application, we will offer arguments in favor of the revision of several atomic
heats of formation in the first and second rows of the Periodic Table (notably boron,
aluminum, silicon, and sulfur).
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Energy Partitioning Schemes
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I shall give an overview, generalization, and systematization of the different energy
decomposition schemes we have devised in the last few years by using both the 3D analysis
(the atoms are represented by different parts of the physical space) and the Hilbert-space
analysis in terms of the basis orbitals assigned to the individual atoms.

The so-called ‘“atomic decomposition of identity” provides us the most general
formalism for analyzing different physical quantities in terms of individual atoms or pairs of
atoms. (The “atomic decomposition of identity” means that we present the identity operator as
a sum of operators assigned to the individual atoms.) By proper definitions of the atomic
operators, both Hilbert-space and the different 3D decomposition schemes can be treated on
an equal footing.

Several different but closely related energy decomposition schemes have been proposed
for the Hilbert space analysis. They differ by exact or approximate treatment of the three- and
four-center integrals and by considering the kinetic energy as a part of the atomic Hamiltonian
or as having genuine two-center components, too. (Also some finite basis correction terms
may be treated in different manners.) The exact schemes are obtained by using the “atomic
decomposition of identity”. In the approximate schemes a projective integral approximation is
also introduced, thus the energy components contain only one- and two-center integrals. The
diatomic energy contributions have been also decomposed into terms of different physical
nature (electrostatic, exchange etc.) The 3D analysis may be performed either in terms of
disjunct atomic domains, as in the case of the AIM formalism, or by using the so called
“fuzzy atoms” which do not have sharp boundaries but exhibit a continuous transition from
one to another.

Energy decomposition in the DFT framework required introduction of a new concept,
the “bond order density”; this quantity integrates to the bond order index of the given pair of
atoms and corresponds to that part of electron density which may be considered responsible
for the exchange effects corresponding to a given bond.

The different schemes give different numbers, but each is capable to reflect the most
important intramolecular interactions as well as the secondary ones — e.g., intramolecular
interactions of type C-H... O.
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An overview will be presented in this talk of a suite of state-specific multi-reference coupled
cluster (SS-MRCC) formalisms developed recently. They proved to be very successful in
avoiding intruders via a rigorously size-extensive formulation, utilizing the MRCC ansatz of
Jeziorski and Monkhorst but targeting only the desired state, rather than a group of states as is
done in the state-universal (SU-MRCC) formalism. In the first formulation, the SS-MRCC
formalism has more cluster amplitudes than the corresponding number of the virtual functions
which form the complement to the model functions in the Hilbert space. This redundancy is
exploited to ensure both size-extensivity and avoidance of intruders. Advantages and
limitations of this formalism will be pointed out. An alternative approach, which obviates the
need of invoking sufficiency conditions to ensure extensivity will be discussed next where the
SSMRCC formalism will be shown to be mapped exactly into a dressed Cl-like matrix
eigenvalue problem which spans just the linearly independent Hilbert space in a given orbital
basis. We will explore explicitly how a singles and doubles truncation scheme of cluster
amplitudes in this formalism leads to a dressed MR-SDCI which produces manifestly size-
extensive and size-consistent eigenvalues. We will also demonstrate how the eigenvalue
equation-like structure of the working equations leads naturally to a more robust
computational scheme not only for avoiding intruders but also for homing in to a desired
eigenvalue. Implications of utilizing just the proper Hilbert space will be discussed, in
particular in relation to a linear response version of the formalism for excitation or ionization
energies in a strongly quasi-degenerate situation.
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MP2 Energy and Gradient Calculations
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Density functional theory (DFT) is widely used to execute electronic structure calculations on
large molecules as well as small molecules because of its low computational cost. However,
the generally used DFT methods fail to describe non-covalent interactions that play a
significant role in host-guest molecules, self-assembly, molecular recognition, and they
usually underestimate reacti<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>